An osmotic ensemble hyperparallel tempering technique has been developed to study the solubility of ethylene in amorphous linear low-density polyethylene of different chain architectures. The NERD united-atom force field ͑Nath, Escobedo, and de Pablo revised united-atom force field͒ ͓Nath et al., J. Chem. Phys. 108, 9905 ͑1998͒; Mol. Phys. 98, 231 ͑2000͒; J. Chem. Phys. 114, 3612 ͑2001͔͒ is used in all simulations. We have investigated the effect of polyethylene chain length and branching on ethylene solubility. In this study, we have considered short-chain branching of amorphous linear low-density ethylene-1-hexene copolymers under typical polymerization reactor conditions. It is observed that, in the polymer, ethylene prefers to reside in the vicinity of polymer chain ends. This clustering causes a decrease in ethylene solubility with polymer chain length. When short-chain branches are introduced to a linear polymer chain, however, the chain-end clustering effect is counteracted by a higher density, thereby leading to an ethylene solubility almost identical to that in the linear polymer.
I. INTRODUCTION
In the commercial gas-phase manufacturing of linear low-density polyethylene ͑PE͒, a higher ␣-olefin, typically 1-butene, 1-hexene, or 1-octene, is used as a comonomer. In order to develop a sound understanding of the kinetics of the polymerization process, and hence the quality of the product resin, precise knowledge of the solubility of monomers or other small molecule solutes in PE is required under reaction conditions. Recent evidence suggests that, in reaction mixtures of small molecule solutes ͑methane, ethylene, 1-hexene, and nitrogen͒ and linear amorphous PE, the solutes exhibit a tendency to cluster near chain ends. 1, 2 It is therefore reasonable to anticipate that polyolefin chain length and branching could have a pronounced effect on monomer sorption. To evaluate the merit of this hypothesis, we have developed an osmotic ensemble hyperparallel tempering technique that permits simulation of the solubility of monomers and comonomers in polyolefins of arbitrary chain architecture. The osmotic ensemble was developed due to difficulties we encountered with implementing parallel tempering techniques 3, 4 within the Gibbs ensemble [5] [6] [7] [8] framework. It provides a means of eliminating the need to simulate a second gas phase in a Gibbs ensemble when one of the components does not exist ͑or is negligible͒ in that phase. The ensemble is similar to the grand canonical ensemble 9 and the SPECS ͑simulation of phase equilibria of long chain systems͒ method introduced by Theodorou and co-workers, 10 as it is a single-simulation-cell ensemble used to study phase equilibria. In the osmotic ensemble considered here, a polymer-rich phase constrained to be in equilibrium with another phase is simulated; it is assumed that no polymer exists in that other phase. In the ensemble, the number of polymer molecules, pressure, temperature, and the absorbing species' chemical potentials are specified. In contrast to the grand canonical ensemble, it is possible to specify the pressure and to allow the simulation cell volume to fluctuate. We use the term ''osmotic ensemble hyperparallel tempering'' to denote this ensemble when it is used in combination with parallel tempering techniques. 3, 4 In addition, hybrid molecular dynamics/Monte-Carlo ͑MC͒ schemes have been devised for both molecule displacement moves at constant volume and pressure, thereby accelerating greatly the performance of our computational algorithms. These techniques are considerably faster than a standard Gibbs ensemble formalism, and have allowed us to conduct a systematic study of short-chain branching on the thermodynamic properties of ethylene/polyolefin mixtures. In this study, we consider amorphous linear low-density ethylene-1-hexene copolymers under typical reactor conditions. We examine two different branching structures. The number of branches per 100 backbone repeat units is 20 in all cases; each branch is four carbons long. In addition, we have verified the technique with infinite dilution calculations and have devised a method to extrapolate partial molar volume data from osmotic ensemble results.
The article is organized as follows: In Sec. II, we present the ethylene and polyethylene molecular models implemented in this work. In Sec. III, we describe the proposed osmotic ensemble hyperparallel tempering technique and provide a brief overview of the infinite dilution method for calculating gas sorption in polyethylene. The full details of the specific simulations conducted in this work are also included in this section. Section IV describes how to extrapolate partial molar volumes from osmotic ensemble results. In Sections V A and V B, we present results for ethylene sorption in PE of different architectures. In Section V C we analyze site-site intermolecular radial distribution functions. We conclude in Sec. VI with a few remarks concerning the solubility of small molecules in polymers and the possibilities of molecular simulations in regard to the study of realistic mixtures of industrial interest.
II. MOLECULAR MODELS
All simulations employ the Nath, Escobedo, and de Pablo revised ͑NERD͒ force field, 1, [11] [12] [13] in which unitedatom sites represent CH n groups in ethylene and polymer chain molecules. The force-field parameters can be found in the original references. A Lennard-Jones potential energy function is adopted for nonbonded interactions. This includes site-site interactions for sites on the same molecule located more than three bonds apart and sites located on different molecules. A torsional potential energy function is imposed on rotations about carbon-carbon bonds.
14 Bond stretching and bond-angle bending are controlled by means of a harmonic potential. For nonbonded, unlike pair interactions, Lorentz-Berthelot combining rules are used, which in previous work have been shown to be suitable for alkane mixtures. 15 In all calculations, a cutoff radius of 10.0 Å is employed for Lennard-Jones interactions, and standard tail corrections 9, 16 are implemented. The NERD force field has been shown to provide good agreement with experimental phase-equilibria data for pure alkanes and alkenes, and their binary and ternary mixtures. 1, [11] [12] [13] 15 Polyethylene chains of 35, 49, 100, and 500 ethylene monomers ͑70, 98, 200, and 1000 carbons͒ are considered to examine the effect of polymer chain length on ethylene solubility. Commercial linear low-density PE has short-chain branches introduced by the addition of a comonomer. We therefore investigate controlled ethylene-1-hexene polymers in this work; namely polyethylene molecules with 20 mole % 1-hexene and 80 mole % ethylene. Backbones of 35 monomers ͑98 carbons͒ are examined, and two types of 1-hexene distributions are considered. The first type contains a repetitive pattern of four ethylenes followed by one 1-hexene ͑des-ignated type 1 branched C 98 ). The second type contains a repetitive pattern of eight ethylenes followed by two 1-hexenes ͑designated type 2 branched C 98 ), so as to have the same density of 1-hexenes as in the first case. In all cases, the stereochemistry of the short branches is random. To illustrate the difference between type 1 and type 2 branched structures, Fig. 1 shows snapshots and drawings of the linear and two branched chain types with 35-monomer backbones.
III. SIMULATION METHODS

A. Osmotic ensemble
In an n-component osmotic ( 1 ,..., k ,N kϩ1 ,...,N n , p,T) ensemble, the temperature ͑T͒, pressure ͑p͒, and chemical potential for kϽn components ( 1 ,..., k ) are specified, while the number of molecules for nϪk components (N kϩ1 ,...,N n ) are held constant. The probability of the ensemble being at a given configuration q, with N 1 molecules of type 1, N 2 molecules of type 2,..., N k molecules of type k, and volume V is given by
..,N n are kept constant in the osmotic ensemble and N T is defined as the total number of molecules in the ensemble. In Eq. ͑1͒, the reduced chemical potential of component i (␤z i ) is defined as
The results of two-component solute i /polyethylene osmotic ( i N PE pT) ensemble simulations are compared to those of solubility calculations for solute i in PE at infinite dilution using a test-molecule insertion method. 9, 17 In this method, an N PE pT simulation is conducted and test insertions of solute i are conducted. It can be shown that the weight-average Henry's constant of solute i (H i ) in PE is
where M W PE is the molecular weight of PE, M W i is the molecular weight of solute i, and W test i ext is the Rosenbluth weight 18 for the test-particle insertion of solute i ͑additional details on the Rosenbluth weight are provided in Sec. III B͒. Equation ͑3͒ assumes that molecule i does not include intramolecular nonbonded interactions ͑i.e., only bond stretching, bond bending, and torsional interactions are present͒, as is the case for ethylene. Assuming infinitely dilute conditions and an ideal gas phase for the solute, the solubility of i is equal to p/H i . More details on this technique are provided in Appendix A.
B. Monte-Carlo moves
Three types of moves are used in the osmotic ensemble simulations to sample q, V, N 1 ,...,N k with probabilities dictated by Eq. ͑1͒; these consist of particle displacement moves at constant volume, particle displacement moves with chang- ing volume, and particle insertion and deletion moves for the first kϽn components. For each move, the acceptance probability is given by
͑4͒
where o denotes the system configuration before the move, tr denotes the trial configuration, P i is the probability of being in configuration i as given in Eq. ͑1͒, and ␣(i→ j) is the transition probability of proposing a move from state i to state j.
Constant volume molecule displacements are conducted by means of a constant volume hybrid Monte-Carlo ͑CVHMC͒ procedure. 19, 20 In the CVHMC procedure, a specified number of molecular dynamics ͑MD͒ steps ͑with a specified time step per MD step͒ are used to generate a global trial MC move. Using Eq. ͑4͒, the acceptance probability for such moves is given by
where ⌬K o→tr is the change in kinetic energy from the old to the new trial state. Volume displacements are conducted by means of a constant-pressure hybrid Monte-Carlo ͑CPHMC͒ procedure. 21, 22 In the CPHMC procedure, a specified number of reversible Berendsen molecular dynamics 23, 24 steps ͑with a specified time step per MD step͒ are used to generate a global trial MC move. Using Eq. ͑4͒, the acceptance probability for such moves is given by
where p is the specified pressure and N site is the total number of sites in the simulation.
In the osmotic ensemble used in this study, no PE chains are inserted into or deleted from the simulation cell. Insertion and deletion moves for ethylene are conducted by means of configurational bias ͑CB͒ moves [25] [26] [27] at constant volume. Trial orientations within the CB technique are generated via an acceptance-rejection scheme. 9, 28 In this scheme, the first site of a molecule is inserted at a random position within the simulation cell. For other sites in a molecule, a position with a random direction on a sphere 29 and a bond length distributed according to a harmonic spring 9 is generated. A trial position is selected according to the probability of the new bonded interactions introduced with the site ͑bond stretching, bond bending, and torsional interactions͒. 28 The acceptance criteria for inserting one molecule of type i are given by
where W i ext , the Rosenbluth weight of molecule i associated with the growth or deletion process, is given by
In Eq. ͑8͒, n i is the number of sites for a type i molecule, N samp ( j) is the number of trial insertions of site j in the growing or deleted molecule, and U k nonbonded ( j) is the nonbonded potential energy due to the k trial site of site j in the type i molecule. In Eq. ͑7͒, C chn i is ⌸ jϭ1 n C chn i,site j , where C chn i,site j is given by
By defining ␤z i mod as ␤ i Ϫln i 3 ϩln C chn i , or equivalently ␤z i ϩln C chn i , the acceptance probability for inserting one molecule of type i can be rewritten as
͑10͒
The acceptance probability for deleting one molecule of type i is obtained in an analogous fashion and is given by
͑11͒
Additional constant-volume molecular displacement moves considered in a few simulations in this work include CB inner-chain rebridging, 30 end-chain CB, and CB reptation moves. These moves are similar to the CB insertion/deletion moves, and further information can be found in the original references. [25] [26] [27] 30 In order to characterize pure PE and to perform infinite dilution calculations, N PE pT ensemble simulations have also been conducted in this work. With the exception of ethylene insertion and deletion moves, the same type of MC moves are used in the N PE pT simulations as with the osmotic ensemble simulations.
C. Parallel tempering in an osmotic ensemble
The osmotic ensemble described in subsection B is implemented in the context of a parallel tempering ͑PT͒ technique. 3, 4 Yan et al. studied Lennard-Jones atoms and polymeric systems in a grand-canonical formalism 4, 31 and found significant speedup with the PT scheme.
In this technique, N osmotic replicas are run independently using regular osmotic ensemble moves. Attempts are also made to exchange the extensive variables of two replicas with acceptance related to their partition functions. For an n-component osmotic ensemble with kϽn components at constant chemical potentials, and nϪkϾ0 components at constant number of molecules, each replica may be at different temperature, pressure, and chemical potential for the k components. However, the same extensive variables are kept constant in each replica ͑the number of molecules for nϪk components is the same and constant for each replica in the osmotic ensemble formalism͒. For randomly chosen pairs, an exchange between replica configurations x l and x m is accepted according to
where P osmotic,i (x j ) is the probability of replica i having configuration x j . Inserting Eq. ͑1͒ into ͑12͒ yields the following acceptance criteria for swapping osmotic ensemble replica configurations:
and where A j is a varying configurational-dependent variable in replica j ͑e.g., the internal energy U j , the replica volume V j , or the number of molecules of type i, N i, j ).
D. Gas phase chemical potential
Gas phase chemical potentials required for osmotic ensemble simulations are calculated using a configurational bias test molecule insertion scheme within an NpT simulation. 9 The reduced chemical potential of molecule
where W test i ext is the Rosenbluth weight associated with a test molecule of type i inserted into the system. For this study, the reduced chemical potential of pure ethylene gas is determined for various conditions. NpT simulations consist of 80% constant volume CB moves and 20% random volume moves. Each CB move is performed using ten trial orientations per site. Random volume moves are conducted with a maximum volume change of 10-100 LJ,min Effective ethylene chemical potentials for each condition are calculated as described in subsection D. The results can be found in Table I .
Between 2 and 15 PE chains are in a simulation cell, depending on the specified PE architecture. For the shorter C 70 and C 98 chains, 15 PE chains are in a simulation cell. For these systems, we have found the results to be identical to those of simulations with 10 PE chains. For the PE chains of 200 carbons, 9 PE chains are in a simulation cell. The results for these systems are consistent with the trends of the shorter and longer PE chain simulations. For PE chains of 1000 carbons, two PE chains are in a simulation cell. Note that we have also studied systems of up to eight PE chains of 1000 carbons and obtained results identical to those for two PE chains. In the osmotic ensemble simulations, the number of ethylenes is in the range of 6 -12 for 5 bar and 50-100 for 54 bar at 105°C.
Details of the MC move parameters and simulation specifications for the osmotic and N PE pT simulations are provided in Tables II and III , respectively. The changing MC parameters and simulation specifications given in the tables are the result of optimizations developed throughout this work. In the infinite dilution simulations, 250 insertions of ethylene in C 70 are conducted every ten MC steps. Three infinite dilution simulations with independent initial equilibrium configurations and the specifications shown in Table III have been conducted at 1 bar and 105°C.
IV. PARTIAL MOLAR PROPERTIES
In addition to solubility predictions, osmotic ensemble simulations also provide partial molar quantities. For a twocomponent system, a partial molar quantity for component 1 is defined as 
where ͗B͘ 1 N 2 pT is the total average value of B in the osmotic ensemble simulation.
As an illustration of the calculations of partial molar volumes, Fig. 2 shows a plot of average volume versus N eth determined from an ethylene͑1͒/linear C 70 (2) 1 N 2 pT simulation at 105°C and 33 bar. From the slope, the partial molar volume of ethylene is determined. The partial molar volume of PE can be calculated by applying Eq. ͑17͒.
From knowledge of partial molar volumes, it is possible to extrapolate phase equilibria data for different pressures at a specified temperature, given a reference state result. In this work, we consider the phase equilibria between gas i and solute i/PE mixture. By defining f i P as K i w i ( f i P is defined as the polymer phase fugacity for solute i in the polymer phase͒ and using the thermodynamic relationship for the pressure derivative of f i P , an expression can be determined for the pressure dependence of the proportionality factor K i at a specified temperature, as
͑18͒
where superscript 0 indicates the reference condition, and it is assumed that v i is insensitive to pressure. This assumption will be seen to be valid for the systems studied in this work. A more general expression for K i (T, p) can be found in Appendix C. After equating the fugacities of solute i in the gas and polymer phases, an expression for w i as a function of pressure and a specified temperature is derived as
where i is the pure component fugacity coefficient for gas phase i.
V. RESULTS AND DISCUSSION
A. Ethylene sorption in linear polyethylene chains Figure 3 shows the results of simulations of ethylene sorption in linear C 70 , C 98 , C 200 , and C 1000 chains. It is observed that the solubility increases linearly with increasing pressure for all chains, as expected in the Henry's law regime. In addition, there is a significant decrease in ethylene solubility when going from C 70 to C 1000 chains. This result confirms our original hypothesis that increasing chain length decreases ethylene solubility.
1,2 Figure 4 shows the ethylene solubility/pressure ͑inverse Henry's constant͒ versus the inverse of the chain length for various linear PE chains. As observed in Fig. 4 , the ethylene solubility/pressure scales approximately linearly with the inverse of the chain length. This is consistent with previous experimental studies of carbon dioxide solubility in various linear hydrocarbons of different chain lengths. 32 Figure 5 shows simulation results for the density of ethylene/linear amorphous PE mixtures. Simulation results for pure linear PE chains are also shown in Fig. 5 . Upon extrapolating the mixture density results to pure amorphous PE, agreement with simulated pure linear PE simulations is observed. As shown in Fig. 6 , the simulated pure linear PE simulations are in satisfactory agreement with the experimental data extrapolated from higher temperature results of Dee et al. 33 In Fig. 5 , it is noted that an increase in pressure causes a decrease in the ethylene/PE mixture density. This is due to an increase in ethylene concentration in the mixture at higher pressures. It is also noted that an increase in PE chain length leads to an increase in density. This is further analyzed by studying partial molar volumes. Figure 7 shows the calculated ethylene and PE partial molar volumes for PE models of linear C 70 -C 200 chains. First, it is noted that the partial molar volume of ethylene is insensitive to chain length. However, the partial molar volume of PE/site appears to decrease with chain length. This explains the observed increase in density with chain length. Figure 8 compares simulated ethylene solubility in linear C 70 with predicted results based on the weight-average Henry's constant calculated from the infinite dilution method of Sec. III A. From the infinite dilution calculations the weightaverage Henry's constant is calculated to be in the range of 755-1062 bar*͑g amorphous PE/g ethylene͒. The corresponding upper and lower bounds for solubility predictions with this range of Henry's constant are shown in Fig. 8 . The infinite dilution method yields results similar to those obtained using the osmotic ensemble technique. The infinite dilution method predicts slightly lower solubilities, which is due to the inability of this method to capture polymer swelling. Figure 9 compares simulated ethylene solubility in linear C 70 with predicted results based on rescaling with v eth using Eqs. ͑18͒ and ͑19͒. Results are shown for ideal gas ( eth set to 1͒ and a nonideal gas ( eth calculated using a secondorder virial equation of state͒ for the ethylene gas phase. The results are based on extrapolation of osmotic ensemble simulation results at 28 bar ͑reference state͒. As observed in Fig.  9 , the method predicts the full simulation results accurately within the error bars of the simulation results. It should be noted that the scaling factor for K eth , exp(v eth 0 (p Ϫ p 0 )/RT), is small for all cases, having a value between 0.93 and 1.07 for the pressures studied. Figure 10 shows simulation predictions for ethylene sorption in linear C 98 chains and the two types of branched C 98 chains. Henry's law behavior is observed in all cases. From Fig. 10 , it is interesting to note that ethylene solubility does not change with short-chain branching. Furthermore, the distribution of 1-hexene along the polymer backbone does not seem to influence ethylene solubility. This is contrary to our original hypothesis that ethylene clustering near chain ends will cause an enhancement in ethylene solubility as a result of inclusion of short-chain branching. Figure 11 shows results of simulations of polymer-phase densities for the mixtures of ethylene and PE chains of 98 carbons. It is observed that the polymer phase density increases by 2%-3% when going from systems with linear C 98 to systems with branched C 98 . This has profound effects on the accessible volume for molecules to sorb into the polymer phase. The free volume and clustering effects ͑see Sec. V C͒ are offset in this case, causing the solubility to be independent of branching for these PE models. This is further analyzed by studying partial molar volumes. Figure 12 shows the calculated ethylene and PE site partial molar volumes for PE models of linear and branched C 98 chains. First, it is noted that the partial molar volume of ethylene is insensitive to branching. However, the partial molar volume of PE sites appears to decrease when branching is introduced, but appears insensitive to branching distribution. This is consistent with the increase in density with branched chains, as explained earlier.
B. Ethylene sorption in ethylene-1-hexene copolymer chains
C. Radial distribution functions
Radial distribution functions provide a means of verifying the ethylene clustering hypothesis. All radial distribution functions presented here are for simulations at 105°C and 33 bar. Some interesting features can be seen in the ethylene site-ethylene site, PE site-PE site, and ethylene site-PE site intermolecular radial distribution functions. Figure 13 shows intermolecular site-site radial distribution functions for the ethylene/linear C 70 mixture. Of all the radial distribution functions in Fig. 13 , the ethylene CH 2 (sp 2 ) site-ethylene CH 2 (sp 2 ) site function has the largest first peak, indicating a preference for ethylene to cluster with itself. It is interesting to note that the ethylene site-C 70 CH 3 (sp 3 ) site ͑end-group site͒ function has a first peak at a shorter distance that is clearly larger than the ethylene site-C 70 CH 2 (sp 3 ) site ͑middle site͒ function, and that the C 70 end-group site-C 70 end-group site function has a first peak at a shorter distance that is larger than the C 70 middle-site-C 70 middle-site function. From an entropic point of view, because the C 70 end sites are only bonded to one other site instead of to two other sites ͑like the other 68, C 70 middle sites͒, they will be surrounded by more available volume. Therefore, C 70 end sites will have a tendency to ''attract'' small ethylene aggregates; hence, the ethylene site-C 70 end-group site radial distribution function has a first peak at a shorter distance that is larger than the ethylene site-C 70 middle-site function. This entropic effect has been observed previously. Of all the radial distribution functions in Fig. 14 , the ethylene site-ethylene site function has the largest first peak, indicating a preference for ethylene to cluster with itself. The ethylene site-type 1 branched C 98 CH 3 (sp 3 ) site ͑end-group site͒ function has a first peak at a shorter distance that is clearly larger than the ethylene site-type 1 branched C 98 CH 2 (sp 3 ) site ͑nonbranching middle site͒; this is due to the same entropic reasons as the previous case. Since the branched chains have many more end sites than the linear chains, one would expect the ethylene solubility to increase with branching for entropic reasons. However, this is not observed with the C 98 PE models. As noted in subsection B, an offsetting density effect compensates the clustering of ethylene observed near chain ends. Figure 14 also Some interesting observations are noted upon comparing the radial distribution functions of linear and branched polymer models. Figure 15 shows the dependence on branching for the intermolecular PE CH 2 (sp 3 ) site-PE CH 2 (sp 3 ) site radial distribution function. It is apparent that the peak of the first coordination shell of this function decreases in magnitude with chain branching. This is due to limited free volume in the vicinity of many PE CH 2 sites near chain branches. The fact that interlocking side chains are disfavored by entropy may also play a role. Figure 16 shows the dependence on branching for the intermolecular ethylene site-PE CH 2 (sp 3 ) site radial distribution function. It is observed that the peak of the first coordination shell of this function slightly decreases in magnitude with chain branching. Again, this is due to limited free volume near many PE CH 2 sites near chain branches.
VI. CONCLUSIONS
Monte-Carlo simulations with an osmotic ensemble hyperparallel tempering technique have been developed and conducted to study the solubility of mixtures of ethylene and polyolefins of different architectures. The NERD unitedatom force field was used for this study. This force field has been tested previously for binary and ternary 1,2,11,13 mixtures of small molecules with long linear and branched alkanes, and has been shown to provide good agreement with experimental data.
Radial distribution functions for ethylene/linear PE and ethylene/branched PE mixtures have been determined. Results indicate that ethylene molecules tend to form clusters of their own in the mixture, and ethylene exhibits a tendency to reside in the vicinity of the polymer end groups. This entropic clustering has a major effect on ethylene solubility. The ethylene solubility in linear PE is seen to decrease with chain length.
Interestingly, ethylene solubility appears to be unaltered by short-chain branching. While ethylene still clusters near branch end groups, the solubility remains unaltered by the fact that the density of branched systems is slightly higher, thereby leading to an almost perfect cancellation of the clustering enhancement effect. The ethylene depletion near branching points also counteracts the entropic clustering that occurs near chain ends ͑which increases with chain branching͒. Simulations with longer side-chains would be necessary in order to elucidate this in more detail.
It is important to emphasize that the results presented for the branched architectures have random branching stereochemistry. In the amorphous phase, the stereochemistry is not expected to affect the simulation results; however, this issue should be examined in more detail in the future. Note that stereochemistry will have a major impact on the polymer crystallinity.
To predict solubilities in real, semi-crystalline polyethylene, one must take into account the elastic effect that crystalline regions have on the solubility in the amorphous regions of the material. We are currently developing a model to predict the effects of polymer crystallinity on ethylene solubilities in polyethylene. The simulation results in this work provide a good means to estimate equation of state parameters for ethylene in a hypothetical amorphous polyethylene sample at the conditions of interest. An additional parameter is then employed to characterize the crystalline structure for a specific polymeric sample.
Simulations of more architectures would prove interesting. In this work, relatively few architectures have been stud- ied. For example, simulations of blocky polyolefin structures would be of interest in the future.
where the superscript 0 is the reference condition. Assuming v i is independent of pressure at a given temperature ͑satis-factory for moderate changes͒, Eq. ͑C5͒ can be further reduced into a simpler expression for K i as
